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RESEARCH MEMORANDUM

AN ANATYSIS OF AIRSPEEDS AND MACH NUMBERS ATTAINED BY
TOCKHEED CONSTELIATION ATRPIANES IN TRANSCONTINENTAL
OFERATIONS DURING. THE EARIY SUMMER OF 19hké

By Roy Steiner
SUMMARY

Alrspesd and altitude dete obteined from Lockheed Constellation
airplsnes flying between New York and San Francisco during May and
June of 1946 have been analyred to destermine the probabdility of
reaching or exceeding glven velues of airapeed and Mzach number. The
analysis indicated thet for the data obtained during these flights
the total probaebility of exceeding the placard "nsver—scxceed" sgpeed
depends principally on the probebllity of exceeding this apeed in
descent. On the sverage, the placsrd speed mAy be exceeded on the
order of once in every 100 hours of descent, or on the order of
once in. every 1000 hours of total flight time. The enalysis alsd
indicated that the probabllity of exceeding the critical Mach number
is negligible at the altltudes flown, which were less than 20,000 feet.

IRTRODUCTION

At a meeting of the NACA Committes on Aerodynamice held
March 12, l9h6, concern was expressed about the possibility of
inadvertently attaining excessive airspeeds and Mach numbers on
large serodynamically cleen transport alrplenesa. Accordingly, the
National Advisory Committee for Aeronautics, 1n coopsration with
the Civil Aeronautics Administration and Pan American Alrwaye,
obtained. samples of data on Tockheed Conatellation sirplanes during
geveral round-trip flights between New York and London and between
New York and Bermuda. The results of an anslysis of these semples
have been publlished in rsference 1.

In order to obialn similar data on the seme type of alrplane
operating on trenscontinental routés, the CAA arranged to have
Army flight analyzere instelled on the Lockheed Conpmtelletions of
several airlines. The first data from these installations have been
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obtained from operations on Transcontinentel and Western Airlines
between New York City and San Francisco during May end June 1946.
These data, which conslsted basicelly of continuous time histories
of airspeed and altituds, have been enslyzed statistically to
determine the probability of reaching or exceeding various values
of airspeed and Mach number during different flight-conditions.

APPARATUS AND TEST CONDITIONS

Two Lockheed Constellgtion alrplanes, operated by Trans-
centinental and Western Airlines, were used in the present investi-
gation. The characteristica of these airplanes are given in table I.
The values of 324 miles per hour for the placard "never-exceed'
speed and 0.65 for the critical Mach mumber were cbtelned from &
repregentative of CAA. The value of critical Mach number was stated
to have been based on wind-tummel tests. It may alsc be noted
that Vg, the design gliding speed, for these airplanes is 360 miles
per hour. The average take-off and landing groes welghts, together
with the meximum variations in these quantities, are given in table II.

Hathaway flight analyzers with a record speed of approxi-
mately %-inch per minute were instelled in each airplahe. Since

timers were not used with the instruments, the tims scale was
dstermined from notes made by an observer. The flights analyzed
were made between New York and San Francisco and between New York
and Chlcago or Kansas Clty. The total flight time of records
analyzed herein is 130 hours. The average time for the round trip
to San Francisco wae 21 hours. An average of six landings (or six
flights) were made per round trip although the actuel number varied

from four to seven. The flights varied in length from li’— to 7i-hours

with an average langth of 3 hours. The average time for the round
trips to Kenses Clty and Chilcago were 9 and & hours » respectively.
Two flighte were made on each Chicago trip and two to four flights
were made on each Kansas City trip. Ths breskdown of flight time
according to the operating conditions of climb, level flight, descent,
and lending epproach for the various routes is given in table III.

The operating altitude ranged between 4000-and 20 »00C-Foot
Pressure altitude altho spproximetely 70 percent of the flight
time was spent between 14,000-and 18,000-foct altitude. -

General information on fhhe wéa.ther .6onditions during these
flights was lacking. Inspection of simultanecusly recorded
accelerations indicated about the normel amount of turbulence for
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. %trapgport ;operations. In a:ddition, the ,1ni‘qmi:-.ton supplied with

the records -3id not ind.icate ﬁs‘)‘;x%l wea’;.her. It may 'ba a.ssumed.
theréfore, that the: weather wa.s a: ge }Qr May. end June..,. - .-

EVAIUATION OF DATA AND RESULTS

For convenience in the statistical analysis, .each.flight:was
divided into four parts - climb, level flight, deacent, and -landing
- approaches, - The alrspeeds and Me.ch numbers consid.ered, 1n=ea.ch of -
theds cetegories are .not only those attained while the airplane is
in the ideal attitufle associated with that catégory, but'are 'alisd
‘those which ‘are a.tta.ined. 1np.d.verten;b1y for any of several causes '
whila: the pilot is a.ttempting to maintain an 1deal ,condibion.: !l’hb :
data on landing approaches were not treated in the snalysia-sinse: o
1t wa= corigldered unlikely thet ‘excessive speeds would beatiained .
durirg’thie flight att tude, The records showed a contintial reducs’
. tion in a.irspeed. from the d,escent airspeed. ‘to: the- 1anding s;peeﬂl

tore.
LTV,

For -ggch cond.itioﬁ", th.e ~max.1.1m.1m a.irspeed. and. Mach- number were -
determﬁned: &uring each 6. minutes of flight. A1l values of airspeed
&ve the ccm&puted ‘equivalent airspeed VJ o/p, witHout's corrgc‘bion__
for the :Lp&_tal],a.tion .error. - The maximum Mach pumber in sach = . .
interval wes obtained by selecting, within sach interval airspeed.-
altitude combinations which would lead to the larger va.lues of Mech
number and then selecting the. largest Mach number computed from
these combinations. The frequency distributions of meximum aslrspeed
and maximum Mach nunber For each of the three flight conditions are
shown in tables IV and V, respectively .

Stan@.ard statiatical methods were .employed to fit Pearson
ty;pa IIT probabllity curves ( reference 2} to each of" the freguency
distributiona in tables IV and ¥. Within appropriate Iimits, these
proba.'bility curves, whigh are shown In figures 1'&nd 2, give the
probability that the sirspeed or Mach number in any 6-minute ' .

“interval of climb, level ‘Flight, or descent will attein or exceed.

a giveu ‘mlu.e.__ ) .

" Fdr engé, ,in interpreting the results s proba‘bilit;r curves have.
._"been rdferred: to' & time ascale in the following mammer. If P 18 ..
the pro‘ba‘.bility tha.t; & glven value of eirspeed or Mach numbe¥ will
"be’ exce‘éd.eﬁ:[ ‘ory, the avera.ge, énce. in g 6-minute -interval, then that .
value WiYl- Yo .ekcedaded, 'on the a.vera.ge, once in each 1/‘P interval, *-
or once in each 1/10 P hours of flight. 'Using this converaion
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factor the average ‘pumber of:,_l_zoﬁrs of £light to sxceed given valucs
of airspeed and Mach runmber have been dstermined and the results
are shown in figures 3 'and 4, respectively. :

The major errors in the values. of alrspeed and Mach -number in
thig investigation may be attributed. to the ineccuracy in reading
the records, the installation error, and the instrument exrwror. The

records could be read to +21 miles per hour at low speeds (200 miles

' per hour or less);, ¥l mile per bour at high airspeed (greater than
200 miles per hour), snd to $500—foot pressure altitude, The
corresponding rea.ding errors for both the airspeed and Mach number
ranged. from about 2 percent at an airmpeed of 16l miles per hour
and & Mach number of 0.23 to .1l percent at 318 miles per hour .
and 0.53.° The installation error, which was not corrected In the
snalysls, was nsgliglible up te 220 miles per hour dut increased to
about 2 percent at 32L miles per hour. The instrument error was
corrected by the use of the instrument calidbration curves. The
coribined errors in the values of airspeed and Mach number presented
- will, therefore, not exceed 2 percent for'the lower values or 3 per-
cent at the highker values. _

DISCUSSION

The interpretatlion, by means of statistical analysis, of such
date as are presented herein should be made with appreciatien of
certain practical conslderatlens not specifically treated in the
analysie. Without violating this precaution, it may ®e sald that
the date disclose several facts: First, as can be observed by
exemination of figures 1 and 2, the prob&bility of reaching or
exceeding the never-exceed speed is subatantially greater than the
probeblility of reaching or exceeding the critical Mach numberj
gecond, the probabllity of reaching or sxcesding the never-exceed
speed in deacent is aubstantially greater then the corresponding
probability in clinb or level flight; and third, the results are
sufficiently similar to the resulits reported in referance 1 as to
indlcate that the rather high probabllity of attaining the greater
values of sirspeed is essentlally due tco the high performance

qualities of modern tramsport airplanes,
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Because of the relative importance of the probebility of
reaching or exceeding the nsver-exceed speed In descent, the
numerical value of this probebility is of coneiderabls interest.
This probability, expressed in terms of time, is shown by figure 3.
to be about 115 hours of descent time per occasion, but the total
flight time per occasion 1ls of greater significance. This latter
value, strictly speaking, depends upon the combined influence of
the opereting conditions of climb, level flight, and descent. How-
ever, the probabilities of exc_eeding the never-exceed speed in climb
or lsvel flight are so emell that they would not be expected to
influence the totael flight time per occesicn to any considerable
degree. An analysis of the combined probebilities, based on the
aggunmption that the probebility curves for climh end level £light
are still valid when extrapoleted to the never-exceed speed, showed
that the total time per occasion waes within b percent of the total
time 'based. simply on division of the time per occaslon Iin descent
by the "descent ratio,” or ratio of flight time apent in descent to
total flight time. In view of this emall effect, of the uncerbainties
in the extrapolations, and of the fact that only ord.er-of-ma.gni'bude
effects are of interest, the total time per occasiom can be deter-
mined with sufficlent accura.cy by the simple dlysct epplication of
the dsescent ratio.

The descent ratio cen be meen from table IITI te vary between
8 percent and 15 percent for the various rouhes considered in thise
ssmple. Over this range of values the total flight time requlred
to reach or excsed the never-exceed speed la shown in Ligure 3,
from which 1t appears that the total time is of the order of 1000 hoars
per occasion - Indlcating a rather frequent occurrence.

It may be noted in figure 1 that none of the experimentgl polints
on the descent curve sctually exceed the never-exceed speed. The
question of the valldity of extrapolatiom of the date.te.or beyond
the never-exceed speed therefore naturally arises, Of course, a
probability anslysis such as has been mads here provides a mathe-
maticel basis for such extrapolation, but the extrapolation will be
velid only if the laws governing the date combine to follow the
mathematical function throughout the renge of extrapolation. In
the present instence there may be some posslbllity that the laws
governing the date will chenge beyond the present limits of the deta
because of the never-esxceed speed placard which warns the pilot to
teke appropriete action to avoid higher speedd. However, it seems
reasonable to suppose that speed increments above those values
required for reasoneble operation under 1ldeal condltions are the
result of inadvertencies or umysuel operational demands. The
exletence of such Inmsdvertencles under practicel flying conditions
removes complete control of the airspeed from the will of the pilot,
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and it follows, therefore, that the ddta for descent will follow a
subgtantlally continuoua functlon even through the placard speed.
There is no doubt that, in general, the existence of a speed
placard does not prevent the placard speed from being exceeded

. because a great dsal of V-G dates are avallable to verify this
point. It 1s reagomable, thereforeL_gg_ggggpt_atdface,xgggg_fpe
extrqpolgte@wxalueg of probability for deacent through the placard
speed to .gome unknown poin‘*ﬁeyond ‘that apeed Accordingly, it 1s
redsonable to say GHaL tHe date sHow that, on the average, the
placard speed may or will bPe reached or exceeded a given number of
times, or that this speed may or will be ‘reached or exceeded once
in & given humber of hours of flying

‘Because the data were taken under more or less normal weather
conditione, the airplene was at no time upset by severe turbulence
to such & degree that it was caused to spin br dive at steep angles.
Ingofar as there is a certein small probability of such an upset,
e point or region 1w eventually reached where discontinuity in the
date may be expected 1f sufficiently large qusntities of data are
obtained.  Owing to the extremely emall value of this probebility,
the region of discontinuity musi obviously lie well beyond the -
placard apeed and have no bearing on the significance of the
present results for descent to and somewhat beyond the placard
apeed. In any event, bbyond such point as the upset condition
affects the result, the speeds will be greater for glven proba-
bilities than given by the present curve.

Extrapolation of the clinmb and level-flight curves to the
Placard speed 1a not considered to be Justified in view of the large
gap between the highest speeds recorded in these conditlons and the
placerd speed. As previously noted, however, the probability of
attaining excessive speeds in elther of these conditions is suffi-

! .cliently remote that the essentlal significence of the data is not
materially affected by such probability. ’

- Attention should, perhaps, be directed agaln to the fact that
the present date apply to operations at altitudes less than
20,000 feet. Operations at higher altitudes will change the
, relationship betwesn probability-of exceeding the critical Mach

» number and probability of exceeding the placard speed so that the
former value will become of greater importance relative to 1te
preaent value.
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CONCIUSIONS

CEETTT
Anslyslis of airspeed and altitude data cobtalned at less
than 20,000 feet altitude from Lockhesd.Constellation. airpianes
opera.ted. by Tmnscontinen‘bal and Weatern Airlines between New York
and Chicego, New York a.nﬁ. Kansas. .City, and. New York and Sen '
Francisco during the early summer of 1946 has-indicated the
following conclusions: .

1. The proba.‘bility of reaching or exceeding the never-exceed
gpeed 1s eubstantially greater than the probebility of reaching -
or exceeding the critical Mach nunmber.

2. The probabllity of exceeding the critical Mach number is
apparently negligibls.

3. The probaebility of reaching or exceeding the "never—exceed"
gpeed in descent 1s so much greater then in level flight or climb
that descent is apparently the only condition of importence.

k. The never-exceed speed of 324 miles per hour will probsbly be
exceeded, on the average, once in the order of 100 hours of descent
or once in the order of 1000 hours of total flying time.

5. While some significant differences may exist between the
present results and corresponding results previously obtained ovex
ocean routee on another elrline, the two results eare of the same
order and sufficlently simllar to indicate that the high prob-
ebility of attalning the greater valuses of alrspeed ig essentislly
due to the high performence qualities of modern transport alrplenes.

Iangley Memorilal Aeronauticel ILeboratory
Netionel Advisory Committee for Aercnautics
Langley Fleld, Va.
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TABIE I
CHARACTERISTICS OF LOCKHEED CONSTELIATION AIRPIANE

Groas weight, 1b, design teke—off . . 4 « « « ¢ « + & « « 90,000
Wing area, &g ft, value used In design « « « + « s & + o & 1650
Wingspan,ft...................... 123
Mean aerodynamic chord, £ « « ¢« « o« o o « o s o = ¢ o s o 1L .67

Slope of 1ift curve, per radian (value used to ca.lcula.te
gustload.f&.C'tori.................-. 1‘--67
Meximm indlcated airspeed in level flight, mph,

(a-nya-ltitud—e) -onnclnnon.—lc-ll-a-a 271
Placard "never-exceed” speed, MPh . . o 4 & o 0 e s o0 e 324
Critical Mach number (wind-tunnel value) o v o s e 2 o o s 0.65

TABIE II
CROSS WEIGHTS DURING FLIGHT TESTS

Gross weight, 1b, average, take-off .« ¢ ¢+ ¢ » s ¢ o o o ‘78,042
Maximum veriatl ons from everage gross welght, 1b,

ta:ke‘Off - [ ] L ] L] L} a a L] [ ] - L ] L ] [ ] - [ * l . * L 3 o . L ] lg g”?g
. »
Gross welght, 1b, averagse, 1anding . « « « « s « « « o o« 70,760
Maximum variations from average gross welght, 1b, 6 86
landing I 5 s e 4 ¢ 8 ¢ & ¢ B s 3 s ¢ ¢ 0 8 6 ¢ s & & 1
"'75 35}'['

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA RM No. L7C06

TABIE IIX
PERCENT OF TOTAL FLIGET TIME SPENT IN
DIFFERENT FLIGHT CONDITIONS

Flights from Level Landing
New York Climb flight Descent approaches

One flight to - '

San T faco 8.7 81.6 8.1 1.6
Total flights to .

San Franclsco 11.2 Th.2 12.0 2.6
To Chicago 11.7 70,1 13.4% 4,8
To Kansas City 9.5 72.9 1.6 3.0
Total flight time | 11.0 73.1 1z .8 3.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV
FREQUENCY DISTRIBUTIONS OF MAXTMUM AIRSPEEDS
FOR VARIOUS FLIGHT CONDITIONS

Egquivalent Fre
quency Frequency Frequency

airspeed (climb) (level flight) (descent)

(mph)
165 - 170 1
170 - 175 3
175 - 18o 11
18 -~ 185 22
185 - 190 18 3
190 - 195 11
195 - 200 13
200 - 205 13 3
205 - 210 25 10
210 - 215 8 20
215 - 220 8 36 2
220 - 225 1 26 i
225 « 230 6 114 1
230 - 235 3 5k 1
235 - 240 b 175 1
2ko - 245 13k 1
245 - 250 1 183 6
250 - 255 2 76 i
255 - 260 103 8
260 - 265 2 36 1k
265 - 270 ko 18
270 - 275 3 18
275 - 280 3 21
280 - 285 _ 15
285 - 290 16
290 - 295 15
295 - 300 17
300 - 305 10
305 - 310 3
310 - 315 b
315 - 320 2
320 - 325

Totals 152 1019 178

NATIONAL: ADVISORY
COMMITTEE FOR AERONAUTICS
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TABIE V

FREQUENCY DISTRIBUTIONS OF MAXIMUM MACH NUMBERS

FOR VARIOUS FLIGHT CONDITIONS

Frequency Frequency Frequency
Mach number (climb) (level fiight) | (descent)
0.23 -~ 0.24 1
.2,4' Lo .25 l"
25 - .26 5 1
-?6 - 027 5 ¥
27 - 28 10
.28 - ,29 18
-29 -. '30 19 1
.30 - 331 16 1
31 - .32 ik 1
.32 - .33 18 1 1
.33 = .34 13 1
3 - 035 T 1
35 - .36 6 9 3
.36 - .37 7 16 L
.37 = .38 4 2L 6
.38 -~ .39 2 kg i1
<39 - Lo 2 96 11
P o PR T | 131 12
'h'l - .‘4-2 197 ]-6
L2 - 43 1 183 i9
L3 - kil 150 2
Al o 45 115 13
-’“’5 - cl!'6 28 17
L6 - L7 13 10
M7 - 48 L T
L8 - Lho i} i3
49 - .50 2
550 - 051 3
53 - JS5h 1
Totals 152 1019 178

NATIONAL ADVISQRY

COMMITTEE FOR AERONAUTICS
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